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® (54) Title: SYNTHESIS OF SEVERELY STERICALLY HINDERED SECONDARY AMINOETHER ALCOHOLS FROM A 
^ KETENE AND/OR CARBOXYUC ACID HALBDB AND/OR CARBOXYUC ACID ANHYDRIDE 

fS (57) Abstract: Severely sterically hindered secondary aminoether alcohols are prepared by a process comprising reacting a ketene 

Owith sulfuric acid to produce an anhydride which is then reacted with, to cleave the ring of, a dioxane to yield a cleavage product 
^ which is then aminated using an amine, followed by hydrolysis with a base to yield the desired severely sterically hindered secondary 
aminoether alcohol. 
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SYNTHESIS OF SEVERELY STERICALLY HINDERED SECONDARY 

a S SSr alcohols from a ketene and/orcamoxyuc 

AOTHALIDE AND/OR CARBOXYLIC ACID ANHYDRIDE 
TTfPT D OF THF INVENTION 

[0001] The present invention relates to a process for the preparation of 
severely sterically hindered secondary aminoether alcohols. 

nRSHRTPTION OP RELATED ART 
[0002] ItisweU-lmownmmearttotreatgasesandU^^ 
containing acidic gases including CO* H 2 S, CS 2 , HCN, COS and oxygen and 
sulfur derivatives of C X to C 4 hydrocarbons with amine solutions to remove 
these acidic gases. The amine usually contacts the acidic gases and the liquids 
as an aqueous solution containing the amine in an absorber tower with the 
aqueous amine solution contacting the acidic fluid countercurrently. Usually 
this contacting results in the simultaneous removal of substantial amounts of 
both the CO2 and H 2 S. USP 4,112,052, for example, utilizes a sterically 
hindered amine to obtain nearly complete removal of CO2 and H 2 S acid gases. 
This process is particularly suitable for systems in which the partial pressures of 
the CC^ and related gases are low. For systems where the partial pressure of 
CO2 is high or where there are many acid gases present, e.g., H 2 S, COS, 
CH3SH, CS 2 , etc., a process utilizing an amine in combination with a physical 
absorbent, referred to as a "non-aqueous solvent process" is practiced. Such a 
system is described in USP 4,112,051. 

[0003] Selective removal of H 2 S from acid gas systems containing both H 2 S 
and C0 2 , however, is very desirable. Such selective removal results in a 
relatively high H 2 S/C0 2 ratio in the separated acid gas which facilitates the 
subsequent conversion of the H 2 S to elemental sulfur in the Claus process. 



WO 2005/082836 



PCTAJS2005/003060 



-2« 



[0004] ThetypicalreactW 

C02 and H2S can be represented as follows: 

R3NH + + HS" 




R 2 NH 2 + HS" 
g RjNH* + HCOl 

CG 2 + 2R 2 NH R 2 NH 2 + + R 2 NOCh 

whereRisthesameordifferentorganicradicalandn^yb^ 
hydroxyl group. B^*«^~n^m~^»*_ 

reactions occur. 

[0003 Selecdve^Sr^vaifep^cutelyd^lem^havtoglo* 
H^S/CO, ratios and restively low H 2 S partial pressures as compared to that of 
fceCO,. TT* ability of amine to sdectivity remove H 2 S in s«h syaems i. very 

low- 

100061 Sotador^ofprim^^aecondary^aachaammo^l- 
amine (MEA), diethatolamine (DBA), diisopropanokunine (DPA) and 
hvdroxyemoxyefcylamn*^ 

proven ur.atisfac.ory for the selective removal of H 2 S to 1* exclusion of CO,. 
He C02 forma carbamatea with such amines relatively easily. 

(0007) H 2 S has been selectively removed from gases containing H 2 S and 
COzbyose of dnsopre^olamine^ 

^ous physical solvent such as su.fo.ane. Comae, times, however, mus, be 
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compared to the We of CO2 reaction with the amine. 

[0M 8] Frazier and Kohl, fcd and Eng. Cbem., 42, 2288 (1950) showed that 
the tertiary amine methydiethanolamine (MDEA) is more selective toward H2S 
^00. as compared ,0 CO* CO, reacK relatively slowly withtertiary 
^a S con^»»thetapidreactionofu« tert iary»minewiU,H 2 S. 
However,i.ha S medisadv ma geofhavingareladvelylowH 2 Sloading 
capacity and hmited .Wit, u, reduco me H 2 S content ,0 the desired level a, low 
H2S pressures encountered in certain gases. 

1000M mPatemPubUcationNo.Wn^Adtoloseameuseof^iueous 
aotations of diaBtybBonoatonolamines. e.g.. memylmonoettanol anune 
(DEAE). for me selective removal of H 2 S, such material having higher 
5el ^andcap K i«yf 0 rH 2 Sren ro va 1 a t mgher 1 oadmglevel,m M MDEA. 

DE AEhoweve I .h B mem S adva. B geof...wbo«mgpom«ofl61«C.m i ^i. 
relatively highly volatile resulting in large material loss. 

reference. «aches severely srericnUy hindered acycHc sec^^oemer 
a 1 cohoUh»vmgahighse.«tivi W fo I H 2 Scon^»C0 2 .Se,ec4.v 1 nr B 

maintained at high H 2 S and CO2 loadings. 

[0011] Tl*severelysterica)lymnderedac,cUcaminoeu^alc<*olsofUSP 
4,471,138 are represented by the general formula: 



R3 ^4 ^6 
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wherein Ri and R 2 are each independently selected from the group consisting of 
alkyl and hydroxyalkyl radicals having 1-4 carbon atoms, R 3 , R4, R5 ™d *6 are 
each independently selected from the group consisting of hydrogen, alkyl, and 
hydroxyalkyl radicals having 1-4 carbon atoms, with the proviso that at least one 
of R4 or R 5 bonded to the carbon atom which is directly bonded to the nitrogen 
atom is an alkyl or hydroxyalkyl radical when R 3 is hydrogen, x and y are each 
positive integers ranging from 2-4, and z is a positive integer ranging from 1-4. 
These materials are prepared by a high temperature reaction preferably in the 
presence of a solvent, of a secondary or tertiary alkyl primary amine with an 
ether alcohol containing a carbonyl functionality in the presence of a source of 
hydrogen or with a haloalkoxyalkanol. Preferably the composition is of the 
general formula: . 

R3 R4 f 

-CH2—CH-OH 




wherein: 

Rl = R 2 = R 3 = CH 3 -; R4 = R 5 = R6 = H; 

Rl = R2 = R3 = CH3-;R4 = HorCH 3 ; R 5 = R6 = H; 

Rl = R 2 = R 3 = Re = CH 3 s R4 = R5 = H; 

R 1= R 2 = R 3 = CH 3 CH 2 -; R4 = R5 = R6 = H > or 

Rl * R 2 * R3 = H, CH 3 -, CH 3 CH 2 -; R4 * R5 # «6 - H > CH 3-» 

and where x= 2 or 3. 

[0012] U.S. Patent 4,487,967 is directed to a process for preparing severely 
sterically hindered secondary aminoether alcohols by reacting a primary amino 
compound with a polyalkenyl ether glycol in the presence of a hydrogenation 
catalyst at elevated temperatures and pressures. The primary amino compounds 
employed have a general formula: 
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R 1 — NH 2 



where R 1 is selected from the group consisting of secondary or tertiary alkyl 
radicals having 3 to 8 carbon atoms or cycloalkyl radicals having 3 to 8 carbon 
atoms. The polyalkenyl ether glycols employed have the general formula: 



R 3 



-0(^)y 

_ R5— lz 



-OH 



where R 2 , R 3 , 1^ and R 5 are each independenUy selected from the group 

consisting of hydrogen, C1-C4 alkyl radicals, and C 3 -C 8 cycloalkyl radicals, 
with the proviso that if the carbon atom of R 2 directly attached to the nitrogen 
atom is secondary, at least one of R 2 and R 3 directly bonded to the carbon which 
is bonded to the hydroxyl group is as alkyl or cycloalkyl radical, x and y are 
each positive integers independently ranging from 2 to 4 and z is from 1 to 10, 
preferably 1 to 6, more preferably 1 to 4. The process is carried out in the 
presence of a catalytically effective amount of a supported Group vm metal 
containing hydrogenation catalyst at elevated temperatures and pressure and the 
mole ratio of amino compound to polyalkenyl ether glycol is less than 2:1 when 
z is greater than 1. 

STTMMARY OF THE INVENTION 

[0013] Severely stericaUy hindered secondary aniinoether alcohols of the 
1 

Rl R* R6 R8 R 10 

III I I 

R?— — - C N C C O - — C Q OH 1 

I h i I 1 1» 



WO 2005/082836 



PCT/US2005/003060 



-6 



wherein R* and R2 are each independently selected from the group consisting of 
alkyl and hydroxyalkyl radicals having 1 to 4 carbon atoms, preferably 1 to 2 
carbon atoms, or Rl and R2 in combination with the carbon atom to which they 
are attached form a cycloalkyl group having 3 to 8 carbons; R 3 is selected from 
the group consisting of hydrogen, alkyl and hydroxyalkyl radicals having 1 to 4 
carbon atoms, and mixtures thereof, preferably 1 to 2 carbon atoms, preferably 
alkyl or hydroxyalkyl radicals having 1 to 4 carbon atoms, more preferably 1 to 
2carbon atoms; R 4 R 5 R 6 R 7 R 8 R 9 RlO.andRH are the same or different 
and are selected from hydrogen, alkyl or hydroxyalkyl radicals having 1 to 4 
carbon atoms, preferably 1 to 2 carbon atoms, or cycloalkyl radicals having 3 to 
8carbons;R4R5,R6R7,R8,R9RlO,andRnare preferably hydrogen 

provided mat when R3 is hydrogen at least one of R4 and R5 bonded to the 
carbon which is directly bonded to the nitrogen atom is an alkyl or hydroxyalkyl 
radical, are prepared by a process involving reacting an organic carboxyUc acid 
hahde, an organic carboxyUc acid anhydride or a ketene, or a mixture of any two 

or of all three thereof , of the formula 2: 

O 

R 12 _|-X 2a 



rfU-o-J-iP' 



2b 



x 

r=C = 0 2c 

R y/ 



wherein R 12 and R 13 are the same or different and each is selected from the group 
consisting of alkyl radicals having 1 to 4 carbon atoms, preferably 1 to2carbon 
atoms, most preferably methyl, or aryl radicals, preferably phenyl substituted 
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parogen, one or more alky! radicals having 1-10 carbon aunns, preferably 
WcaI bona»m S ,mos. P referablyn K 4ylinteparBposin^andnnx^ 

.hereof and * is a halogen selected from the gronp consisting of F, 0. Br, I and 
„ unereof . preferably a and wherein R* and R* are Ure sane or dtf eren. 
^.res^^^^-^rfhyd^^^^ 

carbons, preferably 1 to 2 carbons. radicals, preferably aryl radrcals beanng 
^e.^selec^fronrU.egronpc.ns^gofhydxoge.andon.ornrore 

alM ^havmgl«.10c»rtK»s.p re fer*lyl-4c^^«^ 
fonnacycloaUrylxadicalhaving3u,8carbo«s. preferably R x and are 

75* Inic acid » funring stdfcric acid, nrore preferably 90* suUunc acrd to 
^gs.Ufnricadd.opreKtocemonoacy^^ 



o 
I 



^ 2 __C— O— SO2OH 3a 



O 



R 12/ lLi-0-S020H 3b 
R x O 



O — S0 2 — OH 

H 



3c 



R x O 



O- -S0 2 4a 
H J 2 
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4b 



-J2 



that in the product the R group can be R 12 or R 13 , or 
nuxtures thereof, which are then reacted with a 1 ,4-dioxane of the formula 5: 



wherein R 12/l3 means 



R" O R4 



r9- K a~ 



-R« 



w he,ein R4, R5. R6 r7, R 8, r» r10, and R" are .he same or different and are 
selected torn hydrogen, alkyl and hydroxyalkyl radicals having 1 to 4 earbona, 

mixtures thereof, preferably 1-2 cartons, and mixtures thereof, more 
preferably R*. r5, R«. R?, R 8 , R 9 . R 10 . »d R" are hydrogen, to yield material 
of the general formula 6 and/or 7: 



HO— S02" 



R4 r6 

H 

R5 R7 



R8 R 

{J 

R9 R» 



R 8 RlO 

1 II JL2 

-C — C — O — C — R 



O 
II 



6a 



HO— SO? 



r4 r6 r8 r10 O 

— o— c— A— o— c— A— o— c— r 12713 



R5 R7 



R9 Rll 



6b 
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HO 



R 4 R 6 R 8 rIO O R x 
R5 R 7 R9 r11 H 



6c 



S02— 



R 4 r6 R8 rIO 

U-o-f-f 

R5 R7 R? r 11 



O R x 

H 



7a 



r4 r6 R8 rIO 



L° Ri" O —1 
R 9 Ril ' 



7b 



or mixtures thereof. It is not necessary that the product from each reaction step 
be isolated before being reacted with the reactant of a subsequent reaction step 
up to this point A cleavage product is produced. The mixing of the organic 
carboxyhc acid halide, organic carboxylic acid anhydride, ketene or mixture 
thereof, with the sulfuric acid and the dioxane can be in any order or sequence. 
Thus, the anhydride, and halide, ketene or mixture thereof, can be mixed with 
the sulfuric acid and then mixed with the dioxane, or the dioxane can be first 
mixed with the sulfuric acid and then the anhydride, acid halide, ketene, or 
mixture thereof, can be added, or the anhydride, acid halide, ketene or mixture 
thereof can be mixed with the dioxane followed by the addition of the sulfuric 
acid. Thus, the combination of the anhydride, acid halide, ketene or mixture 
thereof with the dioxane and the sulfuric acid can be combined into a single 
reaction mixture and reacted as a mixture resulting in the one step production of 
the desired cleavage product. This cleavage product is then aminated using an 
alkyl amine of the formula 8 
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HjN — I — R 2 8 
R 3 

whereinRl andR 2 are the same of different and selected from the group 
consisting of alkyl and hydroxyalkyl radicals having 1 to 4 carbon atoms, and 
mixtures thereof, preferably 1 to 2 carbon atoms, more preferably methyl, or Rl 
and R2 in combination with the carbon atom to which they are attached form a 
cycloalkyl group having 3 to 8 carbons, and mixtures thereof ; R3 is selected 
from the group consisting of hydrogen, alkyl and hydroxyalkyl radicals having 1 
to 4 carbon atoms, and mixtures thereof, preferably 1 to 2 carbon atoms, 
preferably alkyl or hydroxyalkyl radicals having 1 to 4 carbon atoms, more 
preferably 1 to 2 carbon atoms, most preferably methyl, provided that when R3 
is hydrogen then at least one of R4 and R* is an alkyl or hydroxyalkyl radical, to 
yield material of the general formula 9: 

Rl R 4 R 6 R 8 f O 
R^L N -U-0-U-o4^ 2 



9a 



R3 H R5 R7 k>k" 

Rl R 4 R« R 8 f O 

R^U-U^O-U--o4-^ 3 

R3 H R5 L7 k>k» 



Rl R 4 R° R8 Rl© O R* 

r 2_L-n_- i-|-o^-4~o--i!:-|--R y 

r3 " is h R9 Rll H 



9b 



9c 
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or mixtures thereof, which is then hydrolyzed with base to yield 1: 

Rl R4 r6 R8 R 10 

I || I I 

R 2_/:_n— c— t— o— C— c— oh 

R3 H Is R7 R9 I« 



[0014] 



The preferred compounds defined by the general formula 1 include: 
CH 3 H H H H 

Hsc -^-n-°Tr H 

CH 3 H H H H 
2-(2-re/t-butylaminoethoxy)ethanol, 

CH 3 CH 3 H H H 

CH 3 H H » H 
2-(2-fert-butylaininopropoxy)ethanol, 

CH 3 CH 3 H H H 

H H H H 

2-(2-isopropylaminopropoxy)ethanol, 

CH 3 CH 3 H H H 
H3C-CH r fg-C-C-0-^C-OH 

CH 3 H H H H 
2-[2-(l,l^memylpropylammo)propoxy]ethanol, 

(ft H H H H 
H 3 C-CHrC-N-C-C-0-C-C-OH 

CH 3 H H H H 
2-[2-(14^memylpropylainino)ethoxy]ethanol, 
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CH 3 

CH 2 H H H B 
H,C-CH 2 -i- N-C-C-O-C-C-OH 
CH, H HH H H 
2-[2-(l-ethyl-l-methylpiopylainiiio)ethoxy]ethanol. 

[0015] ^m^*^™^ 1 *^***"** 

sdcoted ftom «« group of hydroge* one or more 

dky.radic.lsh.ving 1 .0 10 carbons, preferably , to 4 carbons, mumres 

form a oydoalkyl r^cd having 3 «. 8 o^bons. »d mature. *c«* pmfembly 
rx and Ry are hydrogen or phenyl. 

rooit] llKk e ten e S «^ina« P -«.i»ventio 0 ^b.p re p^^loying 
anyof .heproc«se.«y T icdin.hear, Wor example, acetic acid CH.be 
^rhigh.en^^^o.ind.ep^coofAiPO^or^ 

oa.be.uhjec^.opvroly^m^^ 

[0017] The tatt* organic carboxyUc acid halide, organic carboxyUc add 

JLg, pefe**!, 75 % «o fuming, mos, pre,er.bly 90% to fummg suifunc .cd, 
H^atprferably. 1:1 mohn ratio «, fonn .he moncncyl sulf a* 3 or u, 
abom.2:! mob rr,do«,fon»*e toyl S ulf«e4. Ifcce.ssulfuric.cidcu.be 
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used at the practitioners discration, bnt the nse of excess acid wonld necessttate 
the practice of an additional separation step. The use of about a sunchiomemc 
ratio therefore, is preferred. The use of concentrated sulfuric acid (90% to 
toting) is preferred. Fuming sulfuric acid I also known as oleum. It is a 
solution of sulfur trioxide in 100% sulfuric acid. 100% sulfuric acid is also 
retired to as monohydrate because it constitutes one molecule of SO, continued 
with one molecule of H 2 0. The percent of free SO3 is used as a measum of 
oleum or fuming sulfuric acid strength. Thus, 20% fuming sultoic acid 
constitutes 20% free SO3 over and above the 100% sulfuric acid carrier solvent 
Twenty (20) % fuming sulfuric acid contains 20% SO3 and 80% IfcSO, (of 
100% concentrated H 2 S0 4 ) by weight Oleum or fuming sulfuric acrd can 
contain as high as 80%+ free SO,. Reaction can be conducted a. about -80»C to 
abou, 150-C. preferably about -20-C to about 125-C « a Pressure between abou, 
1 bar to 100 bars, preferably about 1 bar to 50 bars, more prefembly about 1 bar 
,o 10 bars. The reaction can be cried out in an inert solvent such as sulfolane, 
hexanes. acetonitrile. Preferably the dioxane for the subsequent cleavage 
reactitmisusrfasthesolventmsmtmgmaumfledtotstepwheremme 

reaction™**, contains thecari»xy^^ 

anhvd rid e ,theket».or.ti*mreme™f..!^ Thrs 
reaction mixture is then reacted under the conditio, subsequently descnbed to 
the dioxane cleavage reaction. 

[0018] Acyl sulfate 3 or 4 is then reacted with a dioxane 5 which is typically 
of the formula: 

H 3 CL,0. H 3 C O CH 3 
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H,C "S 0 ^™ 3 
H 3 C CH 3 H 3 C O CH 3 



h 3 c^^o" h 3 cN> CH3 . 

H 3 C^O^CH 3 

H 3 cHr >CH 3 H 3 C-T y 
^O^CH 3 BfiT^CT 

H 3 C _ 

B,C Y 0 CH, VO 

H 3 C H 3 C 
Other Stinted isomers «m be readily envisioned. Preferably, to dioxane is 

0. 

Cleavage of the diottane ring end reaction is for a time suffieient to achieve 
about 60-90% conversion to product. 

[0019] The reaction tan be csnied ont either in the absence of solvent, in 
wh ich case the dioxane serves as to solvent for to reaction, or in a solution 
confining an additional inert solvent snch as acetonitrite or toluene, to reason 
being conduct at temperatures of from about -80°C to about 200°C. 



PCT7US2005/003060 

WO 2005/082836 

-15- 

L, ruuo of dioxane to acy! suifate, to to reacuo. of diottane wtth acy 
iUabo«U:.«o^u,5,, W b a eU,e^„« i oof^«o^ S u 1 f«e 

p^y abou, 2:1,0 abou, 5:1. B^^^,********^ 
^ rnrio is abou. s,oichiome,ric «> abouUO: 1 , prefemb., *"« 
^ometric » abou. 8:1. more preferably abou, st.icluom.mc to abou.5.1 
r^-^^rcacuouof.o^^acyUu.fa.ofgcu^a 

Co f ^-^^ c ^» ,2oo ' c - prcfHablyaio,,,70 ° c 

160°C. more preferably abou, 80«C to about 140°C. 
'Zur^C.e.v.geofE^by^Su.fonic^yUc^aea . 

I ^suttouic^rboxyUc anhydrides, n. Reactions w,th ahphanc ethers 

and amines" Journal of Organic Chemistry. 1971. 36. 532. 

lwaa The reacrion of a diottane 5 vrith acyl su.f ate 3 yields cieavage produc, 

yieldsacleavageproductoftheformuta7. 

100231 The cleavage product « aM 7 are then aminated using an amine 8. 
typically of the formulae: 
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CH 3 CH2CH3 f 120 ** 

I 1 v™ H,C-C-NH 2 H3C-C-NH2 

H3C-C-NH 2 , H 3 C-C-NH 2 , H 3 C CNH 2 . 

CH 3 H 0113 

preferably: 

H3C-C-NH2 
CH 3 

foratimesufficienttoreplacethesulfategroupincl^ 
with an amine 8. In the case of the amination of cleavage product 7, at least two 
n.olesoftheanimeSarerequiredforeachmoleofT. In general, the amine to 
cleavage product sulfonate group mole ratio is in the range of about 
stoichiometric to about 10:1, preferably about stoichiometric to about 8:1, more 
preferably about stoichiometric to about 4: 1 . In the case of the amination of 
either product 6 or product 7, the same aminated product 9 isproduced: 
R l r4 r6 R8 RlO O f 

^ R 5 h R 9 R 11 H 

Rl R 4 R 6 F? f O 

r^U-U-o- - U4^ 13 » 

R 3 H R5 itf R 9 R» 
[0024] This amination step can be carried out under any conditions typical in 
the art Amination can be conducted at atmosphere or at elevated pressure, 
elevated pressure being especially suitable when amination is to be performed 
using relatively low boiling amines such at t-butylamine. 

[0025] Thus, amination can be conducted at pressures of from about 
atmospheric (1 bar) to about 100 bars, preferably about 1 to about 50 bars and at 
temperatures of from about 40'C to about 200»C, preferably about 40 Cto about 
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125 o C The process can be performed under reflux but this is not absolutely 
necessary. An inert solvent optionally can be used such as benzene, toluene, 
diethyl ether, hexanes, and the like. 

[0026] This aminated product 9 is hydrolyzed to product 1 using a base, 
which is typically an alkali metal hydroxide, alkali metal carbonate, alkali metal 
alkoxide, such as sodium hydroxide, sodium carbonate, sodium methoxide, 
sodium tert-butoxide, etc. Reaction is conducted at about 20°C to about 110<>C, 
preferably about 20»C to about 50'C. The process can be conducted under 
reflux Solvents which can be used if either necessary or simply desirable 
include waterandalcoholsandmixturesthereof. The alcohol can be the same as 
that from which the alkoxide base is derived, i.e., methanol in the solvent for 
alkali metal methoxide. 

PYAMPLES 

[0027] ™- r -T^nn 0 f o- p-,^-hntv1 a minorthQTV)ethanol (EETB). A 
100 mL one-necked flask was charged with 1,4-dioxane (20 g, 0.23 mol, 20 mL) 
underanitrogen atmosphere; acetic anhydride (4 mL, 4.28 g, 42 mmol)was 
added followed by the addition of 20% fuming sulfuric acid (1.04 mL, 2.0 g; 
contains 16.4 mmolof H 2 S0 4 ) at room temperature. The reaction mixture was 
refluxedat 101 °C and checked by NMR. The 'H NMR spectrum showed that 
productsofcleavagereachedamaximumafterlSh. The reaction mixture was 
eva^tedundervacuumtodrynessO.athSO^lSmmofHg). Toluene (50 
mL) was added to the residue followed by the addition of rert-butylanrine (30 
mL, 21 g, 0.29 mol) at room temperature. The reaction mixture was gently (ten- 
butylamine BP = 44-46'C) refluxed for 30 h. Then, the reaction mixture was 
cooled to room temperature and filtered; the precipitate was washed with 
toluene. The filtrate was partially evaporated under vacuum to remove tert- 
butylamine. The residue was filtered and the precipitate was washed with 
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toluene. The filtrate was evaporated under vacuum to give a yellow residual oil 
(4.5 g). The NMR spectra showed 2-(2-r-butylaminoethoxy)ethyl acetate of 
60-70% purity. The character of signals in ! H NMR spectrum suggests 2-(2- 
hydroxyethoxy)ethyl acetate as major impurity (signal of acetoxy group: singlet 
at 2.09 ppm, of etheral signals: m, 3.65-3.72 ppm, and ester signal: m, 4.21-4.27 
ppm), as result of incomplete amination or hydrolysis during work up. 

[0028] The reflux of 2-(2-r-butylaininoethoxy)ethyl acetate (2 g, 10 mmol) 
with 15 mmol of NaOH in methanol (10 mL) for 6 h followed by evaporation 
under vacuum, extraction with diethyl ether and removing of solvent under 
vacuum gave 1 .6 g of yellow oil, the NMR of which confirmed 2<2-tert- 
butylaminoethoxy)ethanol(EETB) of 70-75% purity. The EETB is probably 
contaminated with diethylene glycol (extra protons in the range 3 .59-3.73 ppm; 
by comparison with NMR data for diethylene glycol: 3.60 ppm, m, 4H; 3.74 
ppm, m, 4H). 

[0 029] The H^vage of J ,4-*™™ with rihetvl sulfate, penerated from 
fn m ;n r .nlfiiric ac ^ a »H „ twofold excess of acetic anhydride. The same 
reaction conditions were used as for the cleavage above using 20% fuming 
sulfuric acid and acetic anhydride (twofold excess: 1 equivalent for SO3, plus 2 
equivalent for H 2 S0 4 , and plus 100% excess). Also, the amination with f- 
BuNH 2 was carried out in an autoclave (bomb) to provide maximum 



[0030] A 100 mL one-necked flask was charged with 1,4-dioxane (30 g, 0.35 
mol, 30 mL) under a nitrogen atmosphere; acetic anhydride (7.1 mL, 7.66 g, 75 
mmol was added followed by the addition of 20% fuming sulfuric acid (1.04 
mL, 2.0 g; contains 0.4 g, 5.0 mmol of SO3 and 1.6 g, 16.4 mmol of H 2 S0 4 ) at 
room temperature. The reaction mixture was refluxed for 40 h and checked by 
NMR. The 'H NMR spectrum showed the presence of products of cleavage. 
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Reflux was continued for an additional 8 h. The NMR showed the same set of 
signals as after 40 h. The reaction mixture was evaporated under vacuum to 
dryness (the reaction mixture was protected from contact with moisture; the 
solvent was directly evaporated into a dry-ice trap using a dry membrane-type 
vacuum pump; bath 50*C, 5 mm of Hg). Toluene (50 mL) was added to the 
residue followed by the addition of fcrf-butylamine (30 mL, 21 g, 0.29 mol) at 
room temperature. The reaction mixture was stirred for 5 min and the reaction 
mixture was transferred into an autoclave (bomb) and stirred at approximately 
170°C (175-180"C in the oil bath) for 13 h. The reaction mixture was cooled to 
room temperature and filtered from the precipitate. The precipitate was washed 
with toluene and the combined filtrate was evaporated in vacuum. Toluene was 
added to the residue and the mixture was washed with an aqueous solution of 
sodium carbonate. The organic layer was dried over magnesium sulfate and the 
solvent was evaporated in vacuum to give 3.4 g of yellow oil. The *H NMR 
analysis showed the desired 2-(2-t-butylaininoethoxy)ethylacetate product in 
70-75% purity. As in the previous reaction, the major byproduct is 2-(2- 
hydroxyethoxy)ethyl acetate; extra protons at 2.09 ppm (0.7 H, Ac), 3.58-3.72 
(3H) and 4.2<M.24 (0.45 H, CH 2 OAc). Part of this product crystallized as 
colorless needles). 

[0 03i] Cleavage of, ] ^ioxane with diacetvl sulfate penned from fuming 
Sulfuric aHH and ac^ anhydride U eoumlent of acetic anhydride for SO,, plus 
. rr latest for USOA at 120°C. A 15 mL sealed tube was charged with 
1,4-dioxane (10 g, 0.1 1 mol, 10 mL) and acetic anhydride (2.67 mL, 2.88 g, 28.2 
mmol) was added followed by the addition of 20% fuming sulfuric acid (0.78 
mL, 1.5 g; contains 0.3 g, 3.75 mmol of SO3 and 1.2 g, 12.23 mmol of H 2 S0 4 ) at 
room temperature under a nitrogen atmosphere. The reaction mixture was 
stirred at 120-122'C for 24 hours and checked by NMR. The >H NMR spectrum 
showed presence of products of cleavage. The reaction mixture was evaporated 
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under vacuum .o dryness. Toluene (50 mL) was added to the reside foUowed 
by the addition of rert-butylamin. (17 AW g. 0.16 mol) a. room tempera- 
nTO . Tb ereactioo,rti X »«wa S g e rd,^uxedfor24h,coo 1 eti.onK>m^ 
.^nneandfilteretiftomureprecip^. The preuip,™ washed wtth 
totaeneandfl^c^toetifflti^awereevar^aKdundervaeuum. Tol»enewas 
added .0 the residue and the mixture waa washed with an aqueous aolntion of 
sodi umcurbonate. Tbeorganic layer was drie^ over magneaium^andtite 
.oWerrrwasevapora^dundervacuumtogiveS^ofbrownoU. The HNMR 
aualyaia showed me deaired produe,2^ rt -hurylammoemoxy)e«hyl acetete of 
approximately 70% purity. The major by-products are 2-Q- 

[00321 r-nrrr 7' 1 ""*** Be " m "" 1 m 

^^i^M^. AlSmLsealedmbewaschargedwimdioxane 
(10 g 0115 mol). acetio anhydride (1.81 mL. 1.96 g, 19 mmol), and solto 
trioxide (L54 g. 19 mmol) onde, a nitrogen atmosphere. The mixture was 
sti^atlW-^fotShO^ele^aolutionVThe'HNMRanalyaB 

.howetieharaoteristicsignalaofcleavageproduc^. The reaction mixture waa 
(20 mL. 13.92 g, 0.19 mol) in to.uene (30 mL) under gentle reflux for 24 h. Tbe 

waawaahedwithtoluene. The H was evaporated and me product was 
extracted with toluene. The extract was evaporated under vacuum to give 2 gof 
yellow - brown oil. The NMR teat showed deaired product 2-(2-«ert- 
butylaminoethoxy)ethyl acetate of approximately 65* purity. 
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CLAIMS: 

1. A method for the synthesis of severely sterically hindered secondary 

arninoether alcohols of the formula 

Rl R4 r6 R8 r10 
R2 4_ N -i-Lo-i-i-OH CD 
R 3 H R5 R 7 R9 kll 
wherein Rl and R2 are each selected from the group consisting of alkyl, 
hydroxylalkyl radicals having 1 to 4 carbon atoms or in combination with the 
carbon atom to which they are attached they form a cycloalkyl group havmg 3 to 
8 carbon atoms, and R 3 is selected from the group consisting of hydrogen, alkyl 
and hydroxyalkyl radicals having 1 to 4 carbon atoms, and mixtures thereof, and 
R 4 R5 R6 R7 R 8r9 r10 and Rll are me same or different and are selected 
from the group consisting of hydrogen, alkyl and hydroxyalkyl radicals having 1 
^carbons provided that at least one of R 4 OT R 5 bonded to the carbon atom 
directly bonded to the nitrogen atom is an alkyl or hydroxyalkyl radical when R3 
is hydrogen, the process involving reacting an organic caraboxylic acid hahde, 
a„ organic carboxylic acid anhydride, a ketene, or a mixture of any two or of all 
three thereof, of the formula 

O 

R 12 _ C -X 



o o 
Ri2_<L_o--i-rf 3 2b 



X 

C==C = 0 2c 
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wherein R 12 and R 13 are the same or different and are selected from the group 
consisting of alkyl radicals having 1 to 4 carbon atoms, aryl radicals bearing 
hydrogen or C, to C, 0 alkyl radicals substituted thereon, and mixtures thereof, X 
is a halogen selected from the group consisting of F, CI, Br, I , and mixtures 
thereof, and R x and R v are the same or different and are selected from the group 
consisting of hydrogen, alkyl radicals having 1-4 carbons, aryl radicals, aryl 
radicals bearing substituents selected from the group consisting of hydrogen and 
one or more alkyl radicals having 1 to 10 carbons, and mixtures thereof, or R* 
and Ry in combination with the carbon to which they are attached form a 
cycloalkyl radical having 3 to 8 carbons, with 50% sulfuric acid to fuming 
sulfuric acid to yield monoacylsulfate (3) and/or diacylsulfate (4) of the formula 

O 

12 I 

R C — O— SO2OH 3a 

O 

R 12/ ILi— O— SO2OH 3b 



R x 

R y — 9 — c— o— so 2 — OH 



f 

H 



3c 



R x O 

0 — S0 2 4a 



R" O 



H 
O 

>jU_o^j-S02 4b 
which is then reacted with a dioxane of the formula 
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Rll O R4 

R10 V\L R5 
* 9 nk Jr R6 

wherein R», R*. R°, R7, r8, r9, : r10, and R* * are the same or different and are 
selected from hydrogen, alkyl and hydroxyalkyl radicals having 1 to 4 carbons to 
yield products of the structure 6 and/or 7: 



r4 r6 r8 rIO O 

^-o-U-o-j-f-o-^ 

r5 r7 R 9 Rll 
r4 r6 r8 rIO 



6a 



R5 R7 



„ R8 Rl 

Ho-so 2 — o— c— <f— °— 9— 9 0 c * 
L I, ^ rii 



R 4 r6 R8 rIO 



O R x 
II i 



HO 



I II B y 

-SOr-O-f-C-O-^^-O-C-C-Ry 

R5 R 7 R? Rll H 



6b 



6c 




* R 6 R8 RlO O R* , 

5 b7 i>9 -ii H 



I I 
R 9 Rll 



SQ2- 



R 4 R 6 r8 rIO 

H4-H4- 

R5 R 7 R? oil 



7a 
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and mixtures 
formula 



thereof, which are then animated with an alkyl amine of the 



R' 

H 2 N— ^— R 2 
R 3 



wherein R» . & and R 3 are as previously deHned to yield material of the generel 
formula 9 



R J 

Rl R 4 R 6 F? f ° 



9b 



i; — in — v — v v T | 

b H It 1* i» k» 



R l r4 R 6 R« RlO Of 

r3 H R»R» H 

or mixtures thereof, which is then hydrolyzed with base to yield prodnet (1). 

2 The method of elaim 1 for me syntheais of severely sterically hindered 
Kvntay aminoerher alcohols nsing the organie carboxylic aeid haUde of me 
formula 



O 
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3 ThemethodofclaimlforthesynthesisofseverelystericaUyhm^ 
secondary aminoether alcohols using the organic caraboxylic acid anhydride of 
the formula 

O O 

^l-i-o-i-^ 3 2b • 



4. The method of claim 1 for the synthesis of severely sterically hindered 
secondary aminoether alcohols using a ketene of the formula 

C=-C=-0 2c 

5. The method according to any one of the preceding claims wherein Rl. 
R2 and R 3 are methyl radicals. 

6. The memod according to 

R5, R6, R7, R8, R9 r10 and r" are hydrogen, and R* and M are hydrogen or 

phenyl. 

7 Tire method according to any one of the preceding claims whereto the 
base i, elected torn alkali metal hydroxide, alkali metal alkoxide, or alkah 
metal carbonate. 

g ^meftodaccc^gtoanyoneoftlteprecedtogclaimawlK^R', 

R 2, and R3 are methyl. lA *. * . R 8 . R W «^ 8 "" a " d 
rx and Ry are hydrogen or phenyl. 
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9. Hie method according to any one of the preceding claims wherein the 
ketene, organic carboxylic acid halide, organic carboxylic acid anhydride, 
mixture of any two or of all three thereof, and the H 2 S0 4 are reacted in about a 
stiochiometric ratio at a temperature between about -80°C to about 150'C, the 
resulting sulfate is reacted with the dioxane at a dioxane to sulfate ratio of about 
stoichiometric to about 10:1 to cleave the dioxane at a temperature between 
about -80°C to about 200°C, the resulting cleavage product is reacted with the 
alkyl amine in an amine to cleavage product mole ratio of about stoichiometric 
to about 10:1 at a pressure of from about atmospheric (1 bar) to about 100 bars, 
at a temperature of between about 40"C to about 200°C, and the aminated 
product is hydrolyzed with base at between about 20°C to about 1 10"C. 

10 The method accoidb^ 
the mixing of the ketene, organic carboxylic acid halide, organic carboxylic acid 
anhydride, mixture of any two or of al three, the sulfuric acid and the dioxane 
are combined in a single step, the reaction mixture being heated at a temperature 
of between about -80°C to about 200°C to produce a cleavage product, the 
cleavage product and the alkylamine are reacted at an amine to cleavage product 
ratio ranging from about stoichiometric to about 10:1 at a pressure from about 
atmospheric (1 bar) to about 100 bars at a temperature of between about 40°C to 
about 200OC, and the aminated product is hydrolyzed with base at between about 
20°C to about 110°C. 
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